The high energy behavior of the single pion photoproduction cross section has been examined, based on the Regge pole hypothesis. The possibility is pointed out that this reaction would serve for the experimental test of the Regge behavior of, particularly, the photon and p·meson. The essential point is that the vacuum trajectory does not give any contribution to this reaction, and accordingly the photon-and the p·meson·trajectories domi· nate the high energy behavior of the forward r+fr-'>P+rro and n+rr+, respectively.
Recently, there has been raised a question l ) whether all the strongly interacting particles are to be associated with the Regge poles 2 ) in the complex angular momentum plane. This is very interesting in connection with the conjecture of Chew and Frautschi 3 ) that all of strong interaction physics will "flow "4) from the principles of maximal analyticity of the S matrix, unitarity, and the concept of maximum strength of interactions compatible with unitarity. On the other hand, it has been suggested 4 ) that not only the strongly interacting particles but also the photon will possibly exhibit the Regge behavior, although the slope of the trajectory associated with the latter would not necessarily similar to those associated with the former. In the relativistic field theories, however, the properties of the Regge pole trajectories have not yet been established, and there have been reported several attempts to test experimentally the Regge pole "hypothesis ". 5) In the present paper, we shall consider the high energy behavior of the single pion photoproduction cross section, as another tool for such an experimental test. Our motivation lies in that, by virtue of the charge-conjugation invariance, the vacuum trajectory does not give any contribution to the reaction in question. This would be an advantageous feature for the experimental test of the Regge behavior of some" particles" other than the" Pomeranchuk particle" (specifically in our case, the photon and the p-meson). Remember that, in the ordinary elastic scatterings, the vacuum trajectory dominates the high energy behavior and the effects of the other families are completely masked away.
General prescription for the treatment based on the Regge pole hypothesis has been given by Frautschi, Gell-Mann and Zachariasen 6 ) (FGZ), and we shall here follow their rules. We shall be concerned mainly with the possibility of experimental test of the Regge behavior of the photon and p-meson, and accordingly with the high energy behavior of the forward pion photoproduction cross section. For completeness, however, we shall give also the predicted form of the backward cross section without details. Section 2 will provide some kinematieal preliminaries, mainly the partial-wave decomposition of the relevant reactions. In § 3, the predictions of the Regge pole-hypothesis on the high energy cross sections will be given, and finally § 4 will be devoted to the discussions. Essentially the same analysis as the following one is applicable also to the case of single kaon photoproduction, where the relevant families are those associated with K, Y, Y*, and so on. In the present paper, however, we shall not repeat it. § 2. Kinematical preliminaries; partial-wave decomposition
We must consider simultaneously the following three reactions:
Details of the kinematics of the s-reaction are given in the paper by Chew, Goldberger, Low and Nambu (CGLN) .7) For convenience we shall here present the outline of them. 
The assignment of the four-momentum variables to the particles is explained in Fig. 1 , all of them being referred to the inward direction. c is the photon polarization vector. A, B, C, and D in (2 ·3) are the scalar functions of only s, t, and u, which are respectively the total c.m. energies squared of the SO, to, and u-reactions. s= -(PI +k)2= -(P2+q)2,
Only two of them are independent ' : s+t+u=2M 2 +m'/, (2·5) (2·6) M and m" being the masses of nucleon and pion, respectively. The form of T is common to all of the three reactions in (2 ·1).
In the c. 
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EI ., E2S and W. are respectively the total energies of ' the initial and final nucleons and the whole system. Suffix s means that these are referred to the c.m. frame of the s-reaction. ks and qs are respectively the linear momenta of the photon and pion in this frame, their magnitudes being respectively ks and q •.
The c.m. differential cross section for the s-reaction is given by (2, 10) where ~ denotes an appropriate sums on the directions of the spin and polarization. Particularly, for the case of unpolarized beam and target, + (l-x/)Re(9'I* 9'4+ 9'2* 9'3)
Partial-wave decomposition of 9' is given in CGLN, and we do not here present its details.
The kinematics of the u-reaction are almost the same as those of the sreaction, and the equations similar to (2·7) and (2·8) hold. The only differences are that (a) the form (2·7) is replaced by its hermitian conjugate, (b) the sign of C in (2·8) is reversed, and (c) all the quantities in (2·7) and (2·8) are obviously replaced by the corresponding' quantities referred to the c.m. frame of the u-reaction, namely the suffix s is everywhere replaced by the suffix u. For the t-reaction, F becomes -it ( -P2) Tv ( -PI), and corresponding to (2·7), it has the form 
In terms of the scalar functions A, B, etc., G's are given. by
or conversely
It is straightforward to perform the partial-wave decomposition of the whole amplitude (2 '11), and we obtainS) with and state. These amplitudes are defined so as to include into themselves the normalizatio'n factors of the corresponding projection operators. It is (}nly a matter of later convenience that, in (2 ·16), G's are expressed in terms of M/l) and M /2) instead of B M J + and B M J -. M /1) and M J (2) can be interpreted as the " helicity" amplitudes. In fact, if we choose the reference axes so that Pt becomes parallel to the z-axis and (kt ) y = 0, and (kt) ",>0, then the "magnetic" part F(M) of the whole amplitude F given by (2 ·11) has the form
where 
. Predictions of the Regge pole hypothesis
It is now straightforward to apply the FGZ prescription and obtain the asymptotic behavior of the s-reaction in the high energy limit. In the s-reaction, the c.m. production angle Os of the pion is given by 
A. Asymptotic behavior of the forward pion production
We consider first the case of fixed t. The relevant Regge families, which are associated with the known" particles ", are for the n~ photoproduction and for the nO photoproduction.
It should be noted that the vacuum Regge family cannot contribute at all, by virtue of the charge-conjugation invariance, and. as stated in § 1, this is an advantageous feature of our reaction. In the following, we shall treat separately the two classes of the families, namely the families with signature=parity and those with signature =i= parity. Note that the former families are related to the " magnetic ", and the latter to the "electric" multipole terms in the partial-wave decomposition of the t-reaction, (2 ·17 ) .
(1) Contribution from a Regge family with signature = parity, (r, (/) and p)
Since the procedure' is quite straightforward and contains no essential difficulties, we shall here present only the resultant formulas without the details of manipulation.
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(Ao=leading term of A, etc. 
::Fs 0 = -<;L0= -97/(s/2t) , and 97/=97/= -971°/2.
The comparison between (3·4) and the corresponding result of the lowest order perturbation theory (or equivalently the dispersion theory) shows that
where 171 is the mass of the "particle" associated, with the Regge family in q1Jestion, and rand /1 are the coupling constants of the "ordinary" and the "magnetic" interactions between the nucleon arid this" particle". For example, if the "particle" in question is the photon, then rand /1 are respectively the electric charge' and anomalous magnetic moment of the nucleon, and if it is the p-meson, then rand /1 are respectively the usual rpNN and /1 p NN. Finally r is the coupling strength between the" particle" and the(r, n) pair. For example, for the case of photon, r is related to the nO lifetime r by
and for the case of the p-meson, it is usual (pnr) effective coupling constant defined by
where X is the p-meson field operator, i being th~ charge index (i = 1, 2, 3).
It would be needless to say that the width of the p-meson, forexarnple, is given by 1/ E171p, where 1= (1m a) t=mp2, a being the p-meson trajectory.
According to the Regge pole hypothesis, the high energy behavior of the reaction is, in general, dominated by the contribution due to the single Regge family, whose trajectory is highest among all the families contributory to the reaction. The contributions due to the other families, including the interference effects between them and the highest family, are only minor parts. Since we are concerned with only the asymptotic behavior (i.e. the term of highest power (2)1 2 (3 ·10) where cp is the angle between the production plane (k., q.) and the photon polari~ation plane (lia, 8).
(2) Contribution from a Regge family with signature=Fparity Starting with the electric multipole parts of the partial-wave decomposition (2 ·17), we obtain The procedure is quite similar to the case of signature = parity, and Cb) and Cb) are related to the coupling strengths of the family with the 3E} and IE} channels, respectively. However, among the families associated with the known particles, the only relevant one belonging to this class is the pion family: It would give only a minor contribution to the high energy behavior of the s-reaction r+p-n+rr+(or r+n-p+rr-), since its trajectory aCt) is believed to lie considerably lower than the p-meson trajectory. Therefore, we shall not here enter into further details.
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B. Asymptotic te'zavior of the backward pion production
In this case, we start from the partial-wave decomposition of the u-reaction. The relevant Regge families are those with nucleon number unity, strangeness zero, and isotopic spin 1/2 or 3/2, i.e. the nucleon Nand N** (1/2, 3/2-) (signature = parity) , and N*(3/2, 3/2+) (signature=Fparity), etc. As long as concerned with the experimental check of the Regge behavior of these families, the photo-reactions would not have any practical advantages over the pion-nucleon scattering. For completeness, however, we shall here give the resultant form of the backward cross section.
The contribution from a single Regge family has the following asymptotic form:
For the case of signature = parity 9'1°= -9h o = (3 (s/2Mm,,) 
am and a e are respectively related to the coupling strengths of the family with the "magnetic" and "electric" channels of the u-reaction. For the nucleon family, for example, However, we shall here not enter into further details of these. problems. *) *) According to the ordinary phenomenological treatment, the N*-contribution to the amplitude for the u-reaction has the form As yet we do not have such a high energy photon beam, and even if it became available, there would still remain many difficulties mainly concerning the techniques for measurements. However, what we want to say here is that, if these practical problems were solved away, then the single pion photoproduction experiments would serve for a check of the Regge behavior of the photon and p-meson. The actual program for this purpose is essentially the same as the case of "Pomeranchon" in N-N and n-N scatterings ([drJ (S1, t) / dt] /[drJ(S2, t)/dt], the form of drJ/dt as a function of t, and so on), which has already been pointed out by several authors. We shall here not re-describe them, but content ourselves only with additional remarks.
As for the p-meson, it is well known that also the charge-exchange n-N and backward n-p scatterings can serve for the same purpose. *) However, in the former, both of the final particles are neutral, while in the latter, we need somewhat ambiguous procedure to deduce the n-p cross section from, for example, pod data. Therefore, we think it would be worth while to consider also the reaction r + p--'>n + n+ as another possible tool.
Similarly, the reaction r + p--'> P + nO would serve for the test of the photon trajectory. In this case, also the (/J-and p-trajectories are generally expected to contribute, and in view of the strengths of their couplings with (pp) or (nOr) pairs, we might need very large value of s in order to be safely allowed to use our asymptotic form (3·9) with only the contribution from the photon-trajectory. However, the (/J-and p-trajectories lie below enough the photon trajectory, and moreover it is usually conjectured that the slopes of the former two are comparable to each other and much steeper than the slope of the latter. If this is 4 ) have already proposed to use the electronscattering experiments for the test of the photon-trajectory. The present proposal would serve as an alternative test or a cross check, although it might be less feasible than the proposal of reference 4). We have here been concerned mainly with the photon and p-meson trajectories. This is because that, as for the baryon trajectories, the photo-reactions would not have any practical advantages over .the n-N scattering. However, in principle, the hypothesis should be examined through various reactions with different coupling parameters. Therefore it would not necessarily be insignificant to investigate also the nature of the baryon trajectories through the backward pion photo-production.
